OBJect Palliative resection of renal cell carcinoma (RCC) spinal metastasis is indicated in cases of neurological compromise or mechanical instability, whereas conventional external beam radiotherapy (EBRT) is commonly used for pain control. Recently, spinal stereotactic radiosurgery (SRS) has emerged as a safe alternative, delivering higher therapeutic doses of radiation to spinal metastases. To better understand factors affecting survival in patients undergoing spinal SRS for metastatic RCC, the authors performed a retrospective analysis of a consecutive series of cases at a tertiary cancer center. MetHODS Patients harboring contiguous sites of vertebral body involvement from metastatic RCC who received upfront spinal SRS treatment at The University of Texas MD Anderson Cancer Center between 2005 and 2012 were identified. Demographic data, pain scores, radiographic data, overall survival, complications, status of systemic disease, neurological and functional status, and time between primary diagnosis and diagnosis of metastasis (systemic and spinal) were analyzed to determine their influence on survival. reSultS Thirty-seven patients receiving treatment for 40 distinct, contiguous sites of disease were included. The median overall survival after spinal SRS was 16.3 months (range 7.4-25.3 months). Univariate analysis revealed several factors significantly associated with improved overall survival. Local progression after spinal SRS was associated with worse overall survival compared with sustained local control (HR 3.4, 95% CI 1.6-7.4, p = 0.002). Median survival in patients with a Karnofsky Performance Scale (KPS) score ≥ 70 was longer than in patients with a KPS score < 70 (HR 4.7, 95% CI 2.1-10.7, p < 0.001). Patients with neurological deficits at the time of spinal SRS had a shorter median survival than those without (HR 4.2, 95% CI 1.4-12.0, p = 0.008). Individuals with nonprogressive systemic disease at the time of spinal SRS had a longer median survival than those with systemic progression at the time of treatment (HR 8.3, 95% CI 3.3-20.7, p < 0.001). Median survival in patients experiencing any metastasis < 12 months after primary RCC diagnosis was shorter than in patients experiencing any metastasis > 12 months after primary diagnosis, a difference that approached but did not attain significance (HR 1.9, 95% CI 0.90-4.1, p = 0.09). On multivariate analysis, local progression of disease after spinal SRS, metastasis < 12 months after primary, KPS score ≤ 70, and progression of systemic disease at time of spinal SRS all remained significant factors influencing survival (respectively, HR 3.7, p = 0.002; HR 2.6, p = 0.026; HR 4.0, p = 0.002; and HR 13.2, p < 0.001). cONcluSiONS We identified several factors associated with survival after spinal SRS for RCC metastases, including local progression, time between first metastasis and primary RCC diagnosis, KPS score, presence of neurological deficits, and progressive metastatic disease. These factors should be taken into consideration when considering a patient for spinal SRS for RCC metastases.
I
t is estimated that up to 40% of patients with cancer will develop spinal metastasis at some point during their disease course. 13 Management of spinal metastases usually requires a variety of treatment modalities, aiming at local disease control and symptom palliation. Common clinical presentations include pain from spinal instability or compression of neural structures, motor and sensory dysfunction, loss of sphincter control, and impaired ambulation. Traditionally, external beam radiotherapy (EBRT) has been used as a primary treatment modality for pain relief and local disease control. 7, 16 Medications, both analgesics for pain relief and chemotherapy for local control, have also been employed. Surgical intervention is palliative in nature and is usually reserved for instances of neurological compromise or gross spinal instability.
The efficacy of EBRT is limited by the radiosensitive nature of critical normal structures in close proximity to the spine, such as the spinal cord and small bowel, as this technique is not precise enough to deliver large doses of radiation to spinal lesions without endangering nearby neural or visceral structures. As a result, radiation doses delivered to lesions using EBRT are often insufficient to produce effective and durable tumor control. Stereotactic radiosurgery (SRS), on the other hand, because of its ability to produce a sharp dose fall-off at tumor margins, allows delivery of a high radiation dose to the tumor while sparing nearby critical normal structures, particularly the spinal cord. Although initially used to target intracranial lesions, technological advances have made SRS of the spine feasible. 12 Gerszten et al. have demonstrated that spinal SRS is not only feasible, but also effective in improving clinical outcomes. 11 The possibility of improved targeting and therapeutic tumor dosing provided by spinal SRS holds particular promise in the treatment of RCC metastases to the spine. Bone is the second most common site of metastasis for RCC, and the spine is the most frequent site of such bony metastases. 9, 15 Pertinently, RCC is historically considered a radioresistant tumor, particularly in the setting of EBRT. 5, 17, 20, 22, 23 Even in the setting of spinal SRS, Gerszten et al. noted lower overall radiographic tumor control of RCC lesions in comparison with other histologies. 11 Nevertheless, several series have demonstrated the clinical efficacy of spinal SRS in treating radioresistant RCC lesions and elucidated factors that may contribute to treatment failure. 1, 10, 17 Few series, however, have focused on the impact of spinal SRS treatment of RCC metastases on overall survival.
Methods

Patient Population
The study population for this retrospective study comprised consecutive patients receiving initial spinal SRS treatment (i.e., first-time spinal radiosurgery, allowing for previous EBRT or medical interventions) for contiguous sites of spinal involvement of RCC metastases at The University of Texas MD Anderson Cancer Center from 2005 to 2013. All patients had a pathologically confirmed diagnosis of RCC and an MRI study documenting spinal metastases. Patients with high-grade epidural spinal cord compression (ESCC) or spinal instability, as judged by the multidisciplinary treatment team, were excluded. Patients with neurological deficits attributable to radiculopathy were, however, included. We defined a contiguous site of spinal involvement as a metastasis involving one or more contiguous vertebral levels affected by metastatic disease involving no more than 3 consecutive vertebral bodies. Hospital records and radiographic studies were reviewed. Data collected included patient demographics, date of primary RCC diagnosis, history of prior nephrectomy, Fuhrman grade of the nephrectomy specimen, date of diagnosis of first metastasis and its location, number of vertebral levels involved, date of diagnosis of spinal metastasis and its location, presence of neurological deficit prior to treatment, functional ability (Karnofsky Performance Scale [KPS] score), previous treatments (including chemo-, immuno-, and/or radiotherapy), pre-intervention pain (data available for all patients), post-intervention pain (data available for some patients only), pre-intervention scores on Bilsky's epidural spinal cord compression (ESCC) scale and the spinal instability neoplastic score (SINS), spinal SRS total dose (Gy) and fractions, status of extraspinal metastases at time of treatment, post-intervention radiographic occurrence of deformity or compression fracture, and need for further surgery at the spinal SRS index level. 3, 8 All patients in our series underwent restaging following the protocol of the genitourinary medical oncology service, with CT of the chest, abdomen, and pelvis obtained every 3-4 months. MRI of the brain or soft tissues was performed at the same intervals when metastatic disease affecting these locations was documented. We classified the status of extraspinal disease as none, concurrent, stable, or progressing. Concurrent disease was defined as metastases of any kind discovered at the same time as, or within 30 days of, the spinal metastasis. Stable disease was defined as preexisting metastases that had not changed in size or number in 2 consecutive pre-procedure imaging studies. Progressive disease was defined as preexisting metastases that had increased in size or number demonstrated by the latest preoperative imaging studies.
This study was approved by the MD Anderson Cancer Center clinical research committee for scientific integrity and the institutional review board.
Prior eBrt or Surgery
No patient in this series had received prior conventional radiotherapy to the lesion in question. Two patients had received conventional radiotherapy to lesions outside the spinal SRS field. No patient in this series had previously undergone surgery for the lesion in question. Two patients in this series had undergone previous vertebral augmentation procedures (kypho-or vertebroplasty) at index levels. These patients were included with the rationale that kypho-or vertebroplasty relieves symptoms but confers no oncological benefit.
Spinal SrS Delivery technique
Our spinal SRS techniques have been described previously. 17 Briefly, all patients underwent CT-based simulation. They were immobilized in an Elekta BodyFix stereotactic body frame system plastic fixation sheet. Diagnostic MRI scans were fused with simulation CT to best delineate the radiation targets and normal critical structures. The gross tumor volume (GTV) was defined as gross disease delineated by MRI scans and simulation CT scan. Clinical target volume (CTV) to encompass the microscopic disease is defined as the entire involved vertebral bodies up to and including the superior and inferior endplates, but excluding the disc and posterior elements unless they were involved with tumor. The treatment planning for spinal SRS was performed using Pinnacle (Philips Medical Systems). Intensity-modulated radiation therapy (IMRT) with coplanar beams was used. Treatment was delivered using a 21 EX linear accelerator equipped with a Millennium 120 multileaf collimator. Imaging guidance was used for each treatment session, which included an EXACT targeting system (Varian Medical Systems) and high-speed CT on rails (GE Medical Systems), all located in the same treatment suite. Orthogonal radiographs were obtained to further confirm the isocenter and accurate patient setup. The maximum allowable dose to any portion of the spinal cord was 10 Gy. The radiation dose was typically prescribed to the 80% to 90% isodose line for CTV and to the 90% to 95% isodose line for GTV.
Per standard procedure, follow-up visits were scheduled at 3, 6, 9, and 12 months after treatment, then every 3-6 months thereafter. To analyze local progression (failure), we compared tumor progression, regression, or stability at the index level in all post-procedure MRIs with studies obtained immediately prior to spinal SRS.
Dosing regimen
In this series, no patient had received any prior conventional radiation to the area to be targeted by spinal SRS. Four patients were treated with a total dose of 30 Gy delivered in 5 fractions, 9 individuals received 27 Gy delivered in 3 fractions, and the remaining 24 patients were treated to 24 Gy delivered in a single fraction.
The majority of patients, all of whom were radiation naïve at the treatment site, received 24 Gy in a single fraction. In patients whose treatment plan called for large radiation volumes or in cases in which lesions were close to critical normal structures, hypofractionated regimens were used as above, at the discretion of the radiation oncology team. In particular, in the early portion of our review period and the infancy of spinal SRS at our institution, the desire to be conservative and safe led to radiation delivery schemes using 5 doses.
Data analysis
Frequencies and descriptive analyses of demographic and clinical variables were performed. The Kaplan-Meier method was used to estimate post-treatment survival, and survival curves were compared using a log-rank test. The Cox proportional hazards method was used to determine factors associated with survival after spinal SRS treatment at the univariate and multivariate levels. Hazard ratios and corresponding 95% confidence intervals were computed. A probability value ≤ 0.05 was considered to be statistically significant. The data were analyzed using IBM SPSS version 21.
results
Demographic and disease characteristics of the 37 patients who received initial spinal SRS treatment for contiguous sites of spinal involvement due to metastatic RCC are depicted in Table 1 . Three of the patients treated had more than 1 contiguous site of disease that received upfront spinal SRS, making for a total of 40 lesions treated.
Overall Survival and Follow-up
The median overall survival after spinal SRS was 16.3 months (range 7.4-25.3 months). The median duration of follow-up was 49.0 months (range 38.2-75.8 months) among the 8 patients still alive at the time of the most recent scheduled follow-up. The following factors were not found to be significantly associated with survival: age, prior nephrectomy, Fuhrman grade, location of first metastasis, location of spinal metastasis treated, latency of spinal metastasis since RCC diagnosis or diagnosis of first metastasis, total number of vertebral levels involved, presence of solitary metastasis at time of spinal SRS, extraspinal disease burden, chemotherapy, and spinal SRS total dose and fractions. 
Pre-intevention and Post-intervention Pain
Pre-intervention pain data, as assessed on the 10-point visual analog scale (VAS), were available for all patients. The median preoperative pain score was 4 (range 0-10). Post-intervention pain data were available for 29 of 37 patients. When available, the VAS score was collected variably at 1 month, 3 months, or 6 months post-proceduresome patients had data collected at multiple time points. Using the worst post-intervention VAS pain score of those available, as a conservative estimate, 12 patients reported improved pain levels post-intervention, 8 patients reported no change in their pain levels, and 9 patient reported worse pain (mean change in VAS score 0.28, range -5 to 4).
levels involved
In our series, all patients received treatment for a contiguous site of disease. In 22 (59.5%) of 37 cases the disease site involved a single vertebral body, in 9 (24.3%) it involved 2 vertebral bodies, and in 6 (16.2%) it involved 3 or more vertebral bodies.
radiographic Data
Pre-intervention ESCC grades were collected for all 37 patients (harboring 40 lesions). Twenty-two of 40 lesions had Grade 1 epidural disease involvement, 18 lesions had Grade 0 epidural disease, and no patient had Grade 2 or 3 disease. Given that our cohort includes only patients selected for spinal SRS, it is not surprising that no cases of Grade 2 or 3 ESCC were encountered, as such patients would more likely present with a neurological deficit prompting surgery (Table 2) .
Pre-intervention SINS were calculated for all 40 lesions treated. The mean SINS was 7.25 (range 3-11). Thirteen lesions were classified as stable (SINS 0-6) and 27 as indeterminate . No lesions were classified as unstable. Given that our cohort includes only patients selected for spinal SRS, it is understandable that none of the lesions analyzed qualified as frankly unstable per SINS criteria, as such lesions are more appropriate for surgical intervention (Table 2) .
Follow-up spinal imaging was reviewed in all cases for the occurrence of compression fractures or kyphosis at the level of or attributable to the index lesions. Post-intervention, 11 lesions eventually developed compression fractures at an index level, 1 lesion developed a progressive kyphosis, and 2 lesions progressed to a combined compression fracture and kyphosis. Of note, 2 patients had received vertebroplasty or kyphoplasty for compression fracture at the index level prior to treatment-none of these patients went on to develop pathologic fracture or deformity (Table 2) .
complications and Further Surgery
In general, patients tolerated spinal SRS very well. One patient experienced some hair loss on the skin overlying the site of treatment. Two patients experienced nausea and vomiting requiring pharmacological therapy.
Two patients suffering from progressive disease went on to require kypho-or vertebroplasty at the index levelthese patients all suffered from painful compression fractures. Three patients suffering from progressive disease went on to require surgery, which involved oncological resection of tumor with anterior column reconstruction and posterolateral instrumentation and fusion. Two patients underwent kypho-or vertebroplasty followed by surgery. Of the 5 patients who required surgery or kypho/vertebroplasty and surgery, 1 patient had progression of dorsal epidural disease only, causing intractable pain and radiculopathy. The other 4 patients developed compression fractures secondary to progression of disease (captured on radiographic review as well), with intractable pain, radiculopathy, or myelopathy. 
local control
Local control was achieved in 21 patients in this series (57%). Sixteen patients displayed radiographic disease progression. Local progression after spinal SRS was associated with worse overall survival compared with sustained local control (HR 3.44, 95% CI 1.59-7.43, p = 0.002).
time Between First Metastasis and rcc Diagnosis
The time between the initial diagnosis of metastasis of any kind and the diagnosis of primary disease was associated with the survival rate after spinal SRS. In 15 patients, metastasis was identified less than 12 months after the primary diagnosis of RCC; in the other 22 patients, metastases were identified more than 12 months after the primary diagnosis. The median overall survival after spinal SRS for the group with less than 12 months' latency was 14.9 months (95% CI 10.6-19.3); in contrast, in the group of 14 patients who experienced metastases with more than 12 months' latency, the median overall survival was 44.1 months (95% CI 17.5-70.7) after spinal SRS. On univariate analysis, the difference in median overall survival between the 2 groups approached but did not attain significance (HR 1.91, 95% CI 0.90-4.1, p = 0.09).
Karnofsky Performance Scale
The Karnofsky Performance Scale (KPS) allows classification of patients according to the extent of their functional impairment. A KPS score ≥ 70 implies that the patient is able to perform normal activities with few or no signs or symptoms of disease.
A KPS score < 70 implies that the patient is in need of assistance to perform activities of daily living. A total of 26 patients had a KPS score ≥ 70 prior to spinal SRS, and the remaining 11 patients had a KPS score < 70. The median overall survival after spinal SRS for the patients with a KPS score ≥ 70 was 23.4 months (95% CI 14.4-32.4). The median overall survival for the patients with a KPS < 70 was 6.0 months (95% CI 0.9-11.0). On univariate analysis, this difference in overall median survival was found to be statistically significant (HR 4.7, 95% CI 2.1-10.7, p < 0.001).
Neurological Deficit
Of the 37 patients, 32 had no neurological deficits prior to spinal SRS. The remaining 5 patients had neurological deficits of varying severity (Frankel Grade B or C). The group without neurological deficits had a median overall survival of 22.1 months (95% CI 12.3-31.9) after spinal SRS, whereas the group with neurological deficits had a median overall survival of 7.4 months (95% CI 1.2-13.7) after spinal SRS. On univariate analysis, this difference in median overall survival between the 2 groups was statistically significant (HR 4.2, 95% CI 1.4-12.0, p = 0.008).
Status of Disease at the time of treatment
We performed statistical analysis on lung, visceral, soft tissue, and extraspinal bony metastases and found that the presence of progressive disease significantly decreased overall survival for patients with each type of metastasis. Thus, for simplicity, analysis of extraspinal metastatic disease was condensed into two categories-progressive systemic disease or no progressive systemic disease. The presence of progressive systemic disease at the time of spinal SRS appeared to affect overall survival in patients with RCC. A total of 20 patients were found to have progressive disease at the time of spinal SRS treatment. The median overall survival of this group of patients was 7.4 months (95% CI 1.7-13.2) after spinal SRS. The remaining 17 patients without progressive disease had a median overall survival of 77.4 months (95% CI not defined) after spinal SRS. On univariate analysis, this difference was statistically significant (HR 8.31, 95% CI 3.3-20.7, p < 0.001).
Multivariate analysis
On multivariate analysis, several factors remained significantly associated with overall survival. Local disease progression after spinal SRS was associated with worse overall survival compared with local disease control (HR 3.7, 95% CI 1.6-8.3, p = 0.002). Diagnosis of metastasis less than 12 months after primary diagnosis was associated with worse overall survival compared to delayed time to metastasis (> 12 months), a difference which became significant on multivariate analysis (HR 2.6, 95% CI 1.1-5.9, p = 0.026). A KPS score < 70 at the time of spinal SRS was associated with worse survival than a KPS score ≥ 70 (HR 4.0, 95% CI 1.7-10.0, p = 0.002). Finally, progression of systemic disease at time of spinal SRS was associated with worse overall survival than stable or concurrent disease (HR 13.2, 95% CI 4.3-40.2, p < 0.001). The presence of a neurological deficit was not significantly associated with survival on multivariate analysis (Table 3) .
Of note, none of the above factors found to significantly influence overall survival had a statistically significant influence on local control on univariate or subsequent multivariate analysis. Multivariate analysis, specifically, showed no significant increase in likelihood of local progression when comparing progression of systemic disease at time of spinal SRS to no progression (HR 2.0, 95% CI 0.60-6.8, p = 0.26). Similarly, on multivariate analysis, latency < 12 months from primary diagnosis to first metastasis compared with > 12 months was not significantly associated with an increased risk of local progression (HR 1.7, 95% CI 0.47-5.8, p = 0.43), nor was KPS score at time of spinal SRS (< 70 vs ≥ 70) (HR 1.5, 95% CI 0.29-7.6, p = 0.63), or the presence of neurological deficits at time of spinal SRS (neurological deficit compared with no neurological deficit) (HR 1.2, 95% CI 0.15-8.9, p = 0.89) ( Table 4) . 
Discussion
Over the past 2 decades, technological advances in the field of radiation oncology have made spinal SRS an appealing treatment option for patients with vertebral body metastases. Spinal SRS allows for precise targeting of therapeutic doses of radiation to spinal tumors, with a sharp fall-off in dosing outside the lesion that limits the exposure of neural structures to toxic doses of radiation, a concern that historically limited tumor dosing in spinal radiotherapy. Higher dosing is directly proportional to more effective treatment, allowing for better local control, pain relief, and improvement in quality of life. 2, 14 In a series of 500 patients, Gerszten et al. demonstrated that spinal SRS was safe and effective as a palliative intervention, without evidence of radiation-induced spinal cord injury and with improvement in pain control and radiographic tumor control. 11 Subsequently, post-radiosurgical functional outcomes, complications, and overall survival times have been examined in large patient cohorts with heterogeneous primary histologies. 6, 18 Further study has focused specifically on the role of spinal SRS in the treatment of RCC metastasis to the spine, the promise of more therapeutic radiation dosing holding particular promise in the treatment of what was traditionally considered a radioresistant histology. 5, 17, 20, 22, 23 RCC metastases often progress despite EBRT, sometimes necessitating surgical intervention. Surgical management of RCC metastases, however, is associated with higher complication rates than the management of lesions of other, less hemorrhagic histological types. 4 Literature review reveals 4 series to date that report on spinal SRS treatment of RCC spinal metastases (Table  5 ). Prior to publishing their broad case series, 11 Gerszten and colleagues used descriptive statistics to evaluate clinical outcomes of SRS in a series of 48 patients with 60 RCC metastases to the spine. 10 Improvement in pain levels was noted in 89% of the 38 patients who were treated primarily for pain. Eight patients were treated primarily for tumor progression, and tumor control was achieved in 7 (88%). However, 6 of 48 patients overall did eventually require surgical intervention for neurological compromise. Nguyen 19 Their group reported a median survival of 17.4 months (range not available). On multivariate analysis, KPS score > 70 was the only significant predictor of overall survival (p = 0.006).
To our knowledge, however, our series is the first to detail factors associated with overall survival time in patients treated with spinal SRS exclusively for RCC spinal metastases. The paper by Staehler et al. does report prognostic factors influencing overall survival, but their cohort grouped cranial and spinal disease together. Furthermore, our series is the only one to analyze factors influencing overall survival in patients treated with upfront spinal SRS for RCC spinal metastases-none of our patients received previous conventional radiotherapy in the treated field-the Gerszten, Nguyen, and Balagamwala series all included patients who received prior radiotherapy (the Staehler paper does not comment on this factor). On univariate analysis, we found that in our group of patients treated with spinal SRS exclusively for spinal RCC metastatic disease, overall survival was significantly decreased in patients with local disease progression, a latency of spinal metastasis diagnosis < 12 months or a KPS < 70, neurological deficit, or progressive systemic disease at time of spinal metastasis diagnosis. On further multivariate analysis, local progression, latency < 12 months, KPS < 70, and progressive systemic disease remained significant, with progressive systemic disease appearing to be most associated with poor survival (HR 13.15).
Intuitively, one might expect that healthy patients with indolent disease would live longer than sick patients with progressive disease. Our results are consistent with this notion-KPS score, the presence of neurological deficits, latency of diagnosis, and status of systemic disease are all 
